Introduction
We focus on methods of osteometrical analysis. These methods estimate interracial differences using similarities of shapes of skeletal specimens. Our method first acquires a precise 3D shape of the skulls of Japanese native fowls (Gallus gallus var. domesticus) with a laser scanner. Then we generate precise 3D virtual geometric models of these skulls on a computer, extract the most important 2D contours of the skulls (their median lines) using the Principal Component Analysis (PCA) , and finally quantitatively determine their shape similarities.
One of the advantages of our method is that it has the capability to estimate the differences using many types of information in contrast to the conventional osteometrical methods.
Added benefit of our method is that it employs non-contact (i .e. nondestructive) measurement in spite that such richer information can be used. Therefore , very precious specimens can be employed for the analysis frequently without fear of damaging them.
Methods
In the present experiment we analyzed 24 male skulls of five breeds as follows: five individuals each of Gifujidori, Shamo, Satsumadori, White Leghorn and four individuals of Koshamo. Except for the White Leghorn, all of them are Japanese native fowls . We employed the White Leghorn as benchmarks in the analysis. These samples are part of the collection of the Laboratory of Veterinary Anatomy, the University of Tokyo . to a particular measuring position, it is then necessary to align all the measurements on a common coordinate system. In the field of computer vision, this operation, which entails estimating the relationships among all the measuring positions, is denoted as "alignment."
We employ the alignment method proposed by Oishi et al. (Oishi et al. 2003) . Figure 1 shows one of results of the alignment. Finally the shape is expressed as a set of a large number of triangles.
Extract the most important 2D contour using the Principal Component Analysis
(PCA) Because it is necessary to obtain uniform qualities of all the extracted 2D contours, we employ the eigenvector with the second least eigenvalue for deciding configurations of the cross section in rare cases. Figure 2 shows one of the extracted 2D contours. In this experiment, the 2D contour is expressed as the group of points. Note that the 2D contour usually corresponds to a so-called median line.
contour First, we approximately express the 2D contour using a B-spline curve. A B-spline curve is one of algebraic parametric curves and is smooth (differentiable). The parameters of the curve are determined by minimizing the sum of distances between each point on the 2D contour and the curve. As a result, we can remove high-frequency noises from the 2D contour. Figure 3 shows the obtained B-Spline curve. Note that only upper part of the 2D contour is employed in this experiment.
the same intervals on the curve. As a result, each interval is about 1mm in this experiment. Considering the accuracy of the laser scanner, the magnitude of n is appropriate. After that we calculate curvature* xi on each point Pi by using E. (1), where be defined. Therefore we can obtain 100 pieces of curvature in this experiment. We assume that the sign of xi is positive if the curve around Pi is locally convex, and that the Fig. 3 . Expression of the 2D contour using a B-spline curve (bold line). sign is negative if the curve is locally concave (see Fig. 4 ).
( 1) experiment) We will later describe how to determine the magnitude of m. In this experiment, we compose the phenogram using the fusion method along with the centroid method, which is one of the methods for the HCA. We define the similarities between two PCA vectors as the Euclidian distance between the two PCA vectors.
Results
We show eigenvalues, proportions, and cumulative proportions of the first to the twentieth principal components (PCs) on Step 4 in Table 1 . From this table, we can find that the cumulative proportion to the twentieth PC is 98.9226%, nearly 100%. Therefore, we employ the first to the twentieth scores in the analysis in this experiment. To express information about the shape using much PCs shows that our method can extract and Obviously, the first to the fourth eigenvectors express the "Stop" of fowls' skulls on the 2D contour because circles around the "Stop" are bigger than the other circles. These eigenvectors are employed for expressing the difference of relative positions of "Stop" among the fowls' skulls. In contrast, the fifth and the sixth eigenvectors express the difference of shapes other than the "Stop" area. In short, we can conclude that the "Stop"
is quite important for estimating the shape similarities in our proposed method.
Then, we attempt to illustrate shape similarities using the phenogram. Although the osteometrical method performed by Nishida et al. shows that Shamo and Koshamo are similar (Nishida et al.1985) , the fourth result is different from this. Our result may offer interesting information about origins of Shamo and Koshamo. 
